The Semantic Web uses formal ontologies as a key instrument in order to add structure to the data, but building domain specific ontologies is still a difficult, time consuming and error-prone process since most information is currently available as free-text. Therefore the development of fast and cheap solutions for ontology learning from text is a key factor for the success and large scale adoption of the Semantic Web. Ontology development is primarily concerned with the definition of concepts and relations between them, so one of the fundamental research problems related to ontology learning is the extraction of concepts from text. To investigate this research problem we focus on the expert finding problem, i.e, the extraction of expertise topics and their assignment to individuals. The ontological concepts we extract are a person's skills, knowledge, behaviours, and capabilities.
Research Problem
The Semantic Web uses formal ontologies as a key instrument in order to add structure to the data, but building domain specific ontologies is still a difficult, time consuming and error-prone process since most information is currently available as free-text. Therefore the development of fast and cheap solutions for ontology learning from text is a key factor for the success and large scale adoption of the Semantic Web. Ontology development is primarily concerned with the definition of concepts and relations between them, so one of the fundamental research problems related to ontology learning is the extraction of concepts from text. To investigate this research problem we focus on the expert finding problem, i.e, the extraction of expertise topics and their assignment to individuals. The ontological concepts we extract are a person's skills, knowledge, behaviours, and capabilities.
For increased efficiency, competitiveness and innovation, every company has to facilitate the identification of experts among its workforce. Even though this can be achieved by using the information gathered during the employment process and through self-assessment, a person's competencies are likely to change over time. Information about people's expertise is contained in documents available inside an organisation such as technical reports but also in publicly available resources, e.g., research articles, wiki pages, blogs, other user-generated content. The human effort required for competency management can be reduced by automatically identifying the experts and expertise topics from text. Our goal is to explore how existing technologies for concept extraction can be advanced and specialised for extracting expertise topics from text in order to build expertise profiles.
Related Work
Expertise or competence management is a research topic from the area of knowledge management that is concerned with the "identification of skills, knowledge, behaviours, and capabilities needed to meet current and future personnel selection needs" [1] . In this thesis we focus on gathering the knowledge of an organisation in terms of scientific topics and technologies.
Extensive work has been done for the task of expert finding using information retrieval techniques. In these approaches users look for experts in a collection of documents by giving a query with the topics of interest [2] [3] [4] . The proposed solutions are matching the user's query against the document collection in order to find the experts. This approach makes the assumption that the user is looking for an expertise topic, so it is not possible to find the expertise profile for a person. Other approaches rely on ontologies for competency management, building inference services ( [5, 6] ). The ontologies are used for matchmaking services that bring together the skills demand and supply [7] , but these methods can not be applied for domains where an ontology of skills is not already built. An approach to build an ontology of competencies has been proposed in [8] , making use of an already built domain ontology, but this can not be applied for domains where an ontology is not defined or where new concepts are introduced often.
In [9] the relations between people and skills are extracted as a network of associations, both people and competencies being handled as entities. Although here the dynamic and automated support of expertise management is addressed, a deeper analysis of expertise topics is needed. Expertise should be analysed on several levels (knowledge, ability, centrality, and context). We analyse expertise on all these levels and we implement an integrated text mining strategy for each of them. In [10] an approach based on text genre specific lexico-syntactic patterns from scientific publications is investigated , but only a short list of context patterns manually identified is considered. In our work we propose an automatic method to identify context patterns that will increase the number of expertise topics that are considered ( [11, 12] ).
Proposed Approach
The thesis is based on state of the art techniques from term and keyword extraction but applies these techniques to authors rather than documents. The novel aspect that our work covers is how to learn topic extraction patterns using web based knowledge sources (Linked Data 1 , ontologies, etc.) as background knowledge. An important research challenge is the lexical disambiguation in the context of Linked Data, i.e., how can we reliably disambiguate extracted topics that have more than one possible interpretation in order to assign them to a unique URI. Our work is based on state of the art techniques in word sense disambiguation extended with a notion of semantic context as provided by web based knowledge sources. The thesis focuses on the topics illustrated in the following sections.
Extracting expertise topics
Text genre specific lexico-syntactic patterns, i.e., frequently occurring patterns of particular lexical items or words in a certain syntactic sequence, are central to our approach. Some patterns are specific to a scientific area (e.g., for computer science: "implementation of", "algorithm for") while other patterns are used in any scientific domain (e.g., "approach for", "analysis of"). We first consider the list of context patterns identified in [10] and then we use the extracted expertise topics in order to identify other context patterns.
Using the syntactic description of a term, we discover candidate expertise topics in the vicinity of context patterns. Similar to the term weighting approach in information retrieval we use a combination of statistical measures to rank the candidate expertise topics, taking into consideration the frequency and the topic length. In addition we analyse the structure of a document and the relation between an expertise topic and the section of the document where it was extracted. We are using the Yahoo BOSS 2 search engine to filter out too general or too specific expertise topics by comparing the number of occurrences in the corpora and on the web. After extracting the linguistic realisations of the concepts from the text, we associate each expertise topic with background knowledge available from the Linked Data cloud. To achieve this, we disambiguate the terms that refer to several concepts using word sense disambiguation techniques. Different terms can refer to the same concept, therefore we explore the similarity of expertise topics to associate synonym expertise topics to a concept. In addition we plan to investigate the relation between expertise topics based on their co-occurrence and to explore different methods for expertise topic clustering.
Extracting expertise profiles
The expertise topics in a document are added to the expertise profile for the authors of the document, considering that they are subject matter experts as suggested in [13] . We assign a measure of relevance to each topic from the document collection. The measure of relevance for an author is computed using an adaptation of the standard information retrieval measure TF/IDF. The set of documents of a researcher is considered as a virtual document, and we measure the relevancy of each expertise topic over this virtual document. To identify a researcher's expertise level we take into consideration the performance indicators introduced in [14] : knowledge (coverage of the expertise graph), ability (practical skills associated with expertise) and transfer (centrality and application in different contexts).
Methodology and Current Contributions
We are planning to evaluate the proposed approach by implementing solutions for the problem of expertise topic and expertise profile extraction presented in Section 3. We will compare the extracted expertise topics with the terms extracted by systems that perform terminology extraction. We will compare our results from the computer science domain with the ACM topic hierarchy 3 and the results from computational linguistics domain with the LT World 4 Ontology on Language Technology. Another method is to compare the expertise topics with the topics mentioned in the call for papers for the conference of each scientific publication. The evaluation of expertise profiles will be performed with a user study, asking a group of researchers to evaluate their own expertise profile, and also the expertise profiles for a set of well known researchers from their field. Advanced precision and recall measures (e.g. learning accuracy) will be used in this.
We currently use three different data sets for experiments: a corpus of scientific publications from Semantic Web conferences 5 The first prototype for expertise mining is using 46 different context patterns manually identified by inspecting a set of publications. The system builds expertise profiles for an author as a list of ranked expertise topics. The top 5 expertise topics extracted from the Semantic Web Corpus are presented in Table 0 (a). You can observe that the results are promising because the top expertise topics are relevant for the Semantic Web area. We also computed the expertise profile for researchers over the years. In Table 0 (b) we can observe that the researcher was interested on topics related to data in 2006 but he was more interested in information retrieval in the next year. Semantic Web Semantic Web RDF data information retrieval Semantic Web data query processing web pages RDF data inverted index PDF documents Table 1 . Top expertise topics from the Semantic Web Corpus
Conclusions and Future Work
This paper explored how existing techniques for concept extraction can be advanced and specialised for the application of expert finding. After presenting our approach and methodology, we described some preliminary results that show we extracted relevant Semantic Web expertise topics. The next step is to improve the current prototype by automatic context pattern discovery. We will then analyse the performance of the context patterns and the relation between the document structure and the expertise topics. To encourage the use of the extracted results for other applications we are planning to set up a SPARQL 7 endpoint for expertise data access, based on an expertise ontology that we will also develop. For the evaluation of the proposed algorithms we will participate in the SemEval 8 evaluation challenge for Automatic Keyphrase Extraction from Scientific Articles.
